The present work presents a density-functional microscopic model of soft biological tissue. The model was based on a prototype molecular structure from experimentally resolved collagen peptide residues and water clusters and has the objective to capture some well-known experimental features of soft tissues. It was obtained the optimized geometry, binding and coupling energies and dipole moments. The results concerning the stability of the confined water clusters, the water-water and water-collagen interactions within the CLBM framework were successfully correlated to some important trends observed experimentally in inflammatory tissues.
The role of water in biological systems is still in many case an enigma. Water is an integral part of many biomolecules. In particular, proteins have much of their properties governed by interactions with water [1] . Leikin et al. [2] have shown that hydration force effects resulting from energetic cost of water rearrangement near the collagen surface display distinguished features in the Raman spectra of this molecule. Moreover, in a previous study of our group [3] , it was shown that water behaves differently in healthy and pathological tissues. By analysis of the vibrational modes compared to the results presented in the literature [4, 5] , it was observed that the main changes of this inflammatory process were related to collagen and confined water in the high-wave number region. Furthermore, the intracellular hydration can be of great relevance in cancerous processes, since cancer cells contain more free water than normal cells, and the degree of malignancy increases with the degree of cellular hydration [6, 7] . Hydropic degeneration (excess of water absoption by the epithelial tissue) and biochemical redox reactions are two important characteristics of the inflammatory process. The prevalence of typical water clusters in inflammatory tissues is a known event reported in the literature [8] . Cibulsky and Sadlej [5] observed that Raman spectra in the OH-stretching vibrations region are related to local structures and interactions of the hydrogen-bond networks, so each cluster has a characteristic Raman spectrum. de Carvalho et al. [3] pointed out that this could be origin of the discriminative power of the high wavenumber region closely related to the hydropic degeneration process in inflammatory fibrous hyperplasia. Gniadecka et al. [9] concluded that an increased amount of the non-macromolecule bound, tetrahedral water was found in photoaged and malignant tumours of the skin. These experimental results indicate the relevance of understanding the role of electrons, protons and hydration water in tissues.
Computational simulations are widely used to study and make predictions concerning a broad variety of systems ranging from pharmacology to engineering fields [10] [11] [12] . Atomistic models based on quantum mechanics calculations have the greatest materials properties predictive capability. However, due to their inherent complexity detailed atomistic models for biological tissues is absent in the literature. Such model would be useful to understand physical/biochemical properties of tissues. For example, little is known about the underlying mechanisms of cell migration in wound healing specially the modulating role of the mechanical tension at microenviromental scale [13] . Usually finite-element classical approach to model soft tissues has been applied to simulate mechanical characteristics of soft tissues like skin [14] . However, many physical properties have not been satisfactorily simulated by these conventional models [15, 16] . Monte Carlo methods has been generally considered as the gold standard of modeling light propagation in heterogeneous tissues and used to validate the results obtained by other models. But the main drawbacks of this method are the extensive computational burden [15] , absence of realistic phase function and elastic light scattering models [16] .
Computer simulations however, the dynamics of electrons, protons and hydration water using quantum mechanical approach as, to best of our knowledge, have only been studied for isolated or solvated molecules. Of all proteins present in our body, collagen is the most abundant and for this reason has been exhaustively studied. Though, theoretical models exist, they are mostly treated classically [17] [18] [19] [20] , although there are also hybrid models [21] .
In this work a microscopic model based on Density Functional Theory (DFT) for soft biological tissue is presented. This model, named collagen like bulk model (CLBM) retains some fundamental atomic connectivity based on the collagen fibrils constitution. The stability of some proposed variations of the model was studied and compared to selected experimental results. of collagen molecules, which are in form bundles of fibrils. Water and large collagen molecules (> 1, 000 amino acids) are the main constituent of the fibrils. The model purpose is to simulate a tissue; the set of collagen fibers and fibrils in the presence of water molecules between them. Figure 1 b) helps to show the dimension scale where our model was built. We associate the collagen fibers set to a reticulated set of unit cells whose internal constitution will be chosen. In our approximation the complexity of the tissue will be replaced by this periodic set using periodic boundary conditions. The CLBM unit cell was built starting with an experimentally resolved hydrated collagen type I structure obtained from the Protein Data Bank [22] . A specific peptide sequence of this structure was cut retaining proline, glycine and hydroxyproline amino acids which enclose some water molecules already mentioned (Fig. 1c) . The criteria used to choose this specific peptide sequence was based on (i) the presence of water molecules confined in the original structure; (ii) presence of residues of amino acids; (iii) viable set of amino acids with respect to time of calculation in DFT (typically ∼ 100 atoms). Here, we are not only simulating the collagen molecule, but the set of tissue fibers. The unit cell of the CLBM is shown on Fig. 1 c) (labeled as C structure). This cell was replicated (Fig. 1 d) in order to describe the fibril structure where a number of collagen molecules are bundled together. The original water molecules was then removed and specific water clusters were inserted in the center of the structure. The water cluster structures (H 2 O) n (1 ≤ n ≤ 8) [23] were chosen based on the TIP4P model [24] from the Cambridge Cluster Database [25] . Therefore we label the CLBM structures C n (1 ≤ n ≤ 8). Two others variants of the C structure were tested. The C 1 solvated with 10 water molecules around the structure (named C 1s ) and a more compact version of C where only one water molecule was be fitted inside (D labeled). These structures, C, C 1s , and D, represent the main sites where water clusters could be present in fibrils and collagen [26] [27] [28] . The optimized unit cell lattice parameters are displayed on Table I . The structures displayed on Fig. 2 .
The C models were optimized in a first step using molecular mechanics with the MMFF94s force field [29] implemented in the Avogadro software [30] . The D models were optimized in a first step using Hartree Fock with the 6-31+g(2d) basis implemented in the Gaussian software [31] . Then, Density Functional Theory (DFT) [32, 33] was used in order to obtain the equilibrium geometries and harmonic frequencies for the CLBM. The confinements were implemented in the CPMD program [34] using the BLYP functional [35] augmented with dispersion corrections for the proper description of Van der Waals interactions [36, 37] . The cutoff energy was considered up to 100 Ry in our simulations. The total energies for each structure were calculated. The data for the C model are summarized on Fig. 3a) where the energies were normalized to the value of C 0 . We compared the energies with and without geometry optimization, since the non-optimized structures retained the original experimental structural parameters. However, the total energy decreased less than 20% with optimization being the difference growing the greater the water cluster size was. It was observed that greater number of molecules per cluster lower the total energy of the cluster. In fact, we observed an exponential decay dependence on water content, n, according to
which is represented by a solid line in Fig.3a) . It is important to notice that all cluster structures were stable (E n < E 0 ). Park et al. [38] analyzed the structures and energies of the dimer to heptamer water clusters using the revised empirical potential function for conformational analysis, and realized that the cyclic structures of water clusters in general are more favorable than open structures, except for the heptamer. They also noted that the more hydrogen bonds a cluster has, the greater its stability. Thus, the stability of the chain of clusters increases by adding a water molecule to cluster. However, in our case it is important to notice that the energetic gain for C 4 < C < C 8 is 8%. It could be stated that the energetic gain is minimum for C > C 4 . Figure 3 b ) shows a histogram of atomic distances for C 0 structure with and without geometry optimization in order to compare the effect of optimization in the experimentally determined original atomic positions. It was found that the shorter ( 2Å) and longer ( 10Å) atomic relative distances presented the greatest variations. However it is important to notice that the original atomic connectivity and symmetry was unchanged.
To characterize the inter-water molecule interactions and the interactions between confined water molecules and collagen clusters we calculated the binding energy (E B ) and the coupling energy (E C ), respectively, accord- ing to ref. [39] . E B is defined by
and measures the average interaction between the free water molecules and their environment. E CLBM , E 0 , and E H2O are the CLBM unit cell, C 0 or D 0 , and water molecule energies of formation. The interaction energy between amino acid cluster and water cluster within the CLBM unit cell could be estimated by E C as
where E nH2O is the energy of the cluster composed by n water molecules. Our definition differs from that of ref. [39] by the minus sign and normalization to n. Figure 3c ) presents E B for each structure. E B increased monotonically with n for C structure. Similar increasing behavior is observed in the literature. For example, Wang et al. [39] found a monotonically increasing energy as a number of water molecules for confined water in single-walled nanotubes. External work needs be done to introduce the water clusters inside the amino acid cage since E B > 0. Protein electrostatic forces and/or physiological electrochemical potential difference could furnish this energy. Thus, proteins locus with symmetry similar to C structure are not viable places to catalyse the creation of water clusters. Even so, these cages are feasible places for the insertion of water clusters. The solvating of the C 1 structure (C 1s ) does not contribute to decreasing E B . The D structure containing one water molecule (D 1 ) presented the lowest E B . One concludes that this compact structure is the viable one to trap H 2 O molecules.
The coupling energy E C for C structures (Fig.3c ) was found to be close to zero independent of the water content, except for n = 4 and 8. It was found that the preferred cluster structure to pack water molecules was the D 1 . Tetrahedral C 4 and icosahedral C 8 water clusters appeared to have the greatest positive E C . Thus, under normal conditions these clusters will be weakly interacting with the C 0 cage which implies in greater mobility. The coupling energy for the other C structures are one a meV, falling into the energy scale of molecular vibrations. The D 1 structure was the more strongly coupled to the D 0 structure. The properties of water clusters are fundamental for understanding water in biological systems [40] . Electrons transfer between biomolecular redox sites involves electron tunnelling through the intervening space, which can be facilitated in part by aqueous proton movement in the reverse direction. The rate of transfer depends on both the extent and the structure of the intervening space. In particular, proteins have much of their properties governed by interactions with water [1] . These, for example, establish the free-energy landscape that determines their folding, structure, stability, and activity [41] . Structured water clusters near redox cofactors accelerate electron transfer by producing strongly coupled tunnelling pathways between the electron donor and acceptor. More generally, water molecules can facilitate or disrupt this process through the degree of alignment of their dipoles and their capability to form water wires [1, 7] .
The dipole moments calculated for each structure are shown on Fig.4 . C 1s displayed the greatest dipole moment. D 1 presented the lowest. The point charge q and dipole moment, µ, average interaction potential is given by
where k is the Coulomb constant, T is the temperature, and r the distance among the point charge and µ. From Fig.4 one concludes that a moving electron will be more strongly bound to the C 1s structure. The D 1 structure will trap traveling electrons more weakly, favoring electron and small ion transport. From these qualitative clues it is expected that sites with C symmetry will be preferred to host physiological processes were large water clusters and strongly bonded electrons are needed. The abundance of free tetrahedral water in the tumor tissue may be interpreted with our model framework considering that solid tumors have a tendency to enhance the permeability and retain large macromolecules (> 40 kDa) [42] . On the other hand, events where electron transport associated with lower hydration levels are the rule, will take place on loci with D structure. These results confirm the hypothesis that confined water was altered in pathologic tissues, and due to some molecular arrangements of this water, it can influence the inflammatory response. Protein-water interactions are known to play a critical role in the function of several biomacromolecular systems including collagen tissues [43] . Small changes in structure and dynamical behavior of water molecules at the peptide-water interface can effectively change both the structure and dynamics of the protein function [44] . Thus, it was realized that the presence of different water clusters plays an important role in collagen properties.
The properties of the structures proposed within the CLBM framework enabled us to qualitatively correlate it to some important trends observed experimentally in inflammatory tissues. We found that a tetrahedral C 4 structure is weakly bound to the amino acid cage, being it the smallest stable structure with water cluster. The tetrahedral water inside this structure has high mobility. This correlates with literature findings reporting occurrence of tetrahedral water in pathological tissues. These clusters are the loci of, e.g., biochemical reactions, e.g., in the inflammatory cascade where strongly bounded electrons play very important role. We also found that D-like cages with one water molecule trap electrons more strongly being suitable ways for water and small ion transport. The CLBM is a very promising model for more complexes physical/biochemical proper-ties of tissues. Water or other biofluids micro-perfusion, Young's modulus at microscale, electron/proton transport, optical and electronic spectra, vibrational (Raman and IR) spectra are some examples of properties which could be simulated using this model. It is important to stress that more studies need be conducted to correctly describe these others tissue properties. More experimental results will be explained and previsions about effects on tissues could be made.
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